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Mapping of murine IgE epitopes involved in IgE-F^ 
receptor interactions* 

The generation of anti-IgE monoclonal antibodies ha. penmtted the idca^tion of 
various serological epitopes OB die IgE molecule. The rdattn^p of the utes onlgE 
S^zcd by such antibodies to the Fc epsilon receptor pcR) urtemtion a e to 
been detennied using cross-Inhibition studies. However, interpretation of this type 
of experiment is Limited by problems of steric hindrance. Tlras, to **™f*V*% 
mS&* the IgE molecule of the F*R interaction site and p the binding jmtf 
toSis anti-IgE mAb, we employed site-directed mutagenesis of the IgE heavy chain 

To n thi5 end we have constructed and expressed a recombinant; mumecona^J 
heavy ehain (CJ gene bearing a (^hydn«y-3-mtroph«y )aceuc add guiding 
Kn. Sev^te-apecifc mutants in the Q3 and C4 domaim oflbis nwmto- 
JS& gene were prepared and expressed by trausfection into the light ^-produc- 
ing J55SX myeloma cell line, The resulting IgE antibodies were tested for binding to 
mast cells and to various anti-IgE mAb. 

TTie mutants produced include a proline to histidine point mutant at amino acid 
residue 404 in Ae C«3 domain, a mutant with a truncated C.4 domain, a mutant «A « 
45 amino acid deleliou in the carboxy end of and a chimenc human Q m which 
the human Q3 was replaced by tne homologous mouse C£ domain. These jams 
the location, to the Q3 domain, of the epitopes reco^uzedjy the 
84 1C and 95.3 arm-feE mAb. The 84.1C mAb recognizes a site on IgE which is 
Wentioal or very close to the Fc*R binding si«, and 95.3 rad» art? on IgE which 
is reUted, but not identical to the Fc^R binding site. The anugenic detennmant 

hrScVmapped to the CA domain- When tested for binding to *e Fe«R on RBL- 
2H3 cells, thipobi mutant bound to chc Fc* with twofold reduced affinity, while the 
Sdeletion mutant and tbe mutant truncated in C<4 lost aUreceptorbn^jng activity. 
These data suggest that the FcJR binding site can be assigned to the ittod C region 
domain, and Sat the fourth domain, while not directly involved m FcjR brntog, may 
pUy a rile in Reformation of theHjU tetrameric IgE molecule, and in stabilizing the 
conformation of IgE requited for Fc^R banding. 



1 Introduction 

IgE antibodies are the class of antibody responsible for 
mediating the allergic response. Mast cells bear an Fc* recep- 
tor (Fc,R) which is able to bind u> IgE with high affinity. 
Antigen binding causes the cross-linking of the mast cell- 
bound IgE, triggering a series of responses in the mast ecu 
leading to degranulation and the release of histamine and 
other mediators of allergy. 
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Much vork has been done in an attempt to identify the site on 
the IgE molecule which interacts with the FcJL Most of the 
data available to date implicate the third constant (C) region 
domain and the interface between the second and the third 
domain of IgE F in receptor binning. Experiments by Pe«*- 
Montfort uid Metzger [1] have shown that a region in the cleft 
between the second and third C region domains is protected 
from proteolysis when bound to the F<,R. Burt ei al. [2, 3] 
made synthetic peptides corresponding to regions of the rat 
IgE molecule thought to be accessible to the external environ- 
ment. One of these peptides, P129, corresponding to residues 
414-428 in the third C region domain (C^ ), (residues 401-415 
using the numbering system of liu [4], the convention adopted 
Id this rtrport) inhibits the binding of IgE to the Fc^K on a rat 
mast cell line (RBL-2H3). The binding of P129 is about 1000- 
fold less efficient on a molar basis than die binding of intact 
IgE. 

In an analogous set of experiments, Robertson and Liu [5] 
have prepared antisera against peptides conespondrng to re- 
gions of the mouse second, third, and fourth C region 
domains. Most of these anrisera reacted against native IgEand 
showed varying reactivities against mast cell-bound IgE, One 
anti-peptide antibody, made against a peptide from C.3, & 
peptide^ , bound well to free IgE* but not to cell-bound IgE. 
This peptide may therefore represent a site stericafly close to 
the epitope on IgE recognized by the Fc,R* Interestingly, anti- 

001«98O^9/06O6-lO35$O2.5O/O 



Received from < > at 5131/02 3:40:43 PM [Eastern Daylight Time] 



-MAY. 31.2002 1 2:3 1 PM 80792-6773 

1U10 * S , Schwanbaujn , A, Nissim, I, Alkalay et al . 

sera raised by Robertson and Liu against a peptide overlap- 
ping (by eight residues) Stanwojth's P129 peptide, were able 
to bind cell-bound IgE. This led them to the conclusion that 
(he site corresponding to this peptide is not involved in Fe^R 
binding. 

Helm et al, [fi] have generated recombinant pepddes contain- 
ing stretches of the human C£ } C£ and C^4 domains. They 
found that a peptide containing 76 amino acids spanning die 
Cb2-Cb3 junction is able to hind to the Fc«R on mast cells with 
an affinity close to that of myeloma IgE. In addition, mono- 
melic fragments were produced which still bound to the Fc«R, 
indicating that a heavy (H) chain dimer is not necessary for 
FC|R binding. Nevertheless, it is not clear whether an analo- 
gous region at the C^-CjS junction, containing the Fc^R bind- 
ing site, i3 present on rodent IgE. 

A number of anti-IgE monoclonal antibodies (mAb) have 
been generated in our laboratory [7, 8]. 94*10, 953 and 51.3 
define three separate groups of determinants on the C, region. 
All three of these mAb block, to varying degress, the binding 
of IgE to the Fc*R on mast cells- However, only the 84, 1C 
antibody is unable to bind to cell-bound IgE. This suggests 
that 84. IC recognizes an epitope identical to f or closely associ- 
ated with the FCgR binding site on IgE. 

In order to reconcile some of the data on IgE-Fc,R interaction 
site (s), and to identify the sites on the IgE molecule recog- 
nized by our anti-IgE mAb, we constructed a panel of 1£E 
mutants. Testing of these mutant IgE for their ability to bind 
to mast cells and to our anti-IgE mAb, should help create a 
map of various epitopes on the murine IgE molecule involved 
in the Fc,R binding, 



2 Materials and methods 
2.1 Plasmids and vectors 

The pSV2-Vt|6 expression vector (Fig. 1A) contains the conv 
plete rearranged V B gene of an anti-NF (4-hydroxy-3-nj- 
trophenyQacetic acid antibody of the NF* family [9], a gift of 
Dr, Dong Rice. It is based on toe pSVZgpt vector [10], a 
mammalian expression vector containing selectable markers 
for growth in both bacteria (^-lactamase gene) and mamma- 
lian cdla (gpi gene). The pA-6 vector consists of the pBR322 
plasmid into which a mouse rearranged genomic IgM H chain 
was introduced. The pBR-Q, plasmid [11], containing a 
genomic done of the mouse IgE H chain cloned into the 
pBR322 plasmidp was a kind gift of Dr, T. Honjo (Fig. IB). 



12 Molecular biology techniques 

Plasmid preparations, digestions with restriction enzymes, 
separation of DNA fragments, ligations, bacterial transforma- 
tions and screening of bacterial colonies were all performed by 
standard techniques [12]. Restriction enzymes and DNA mod- 
ifying enzymes were purchased from New England BioLabs 
(Beverly, MA), Bethesda Research Labs. (Bethesda, MD), 
IBI (New Haven, CT), and Pharmacia (Uppsala, Sweden). 
Sequencing reactions were carried out by the dideoxy method, 
after subclcning into the pGEM-3 vector, using the kit Sup- 
plied by Promega (Madison, WI). 
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Ffcutt J. Schematic diagram of: (A) the pSVi-V^ plasmid based on 
the pSV2gpr vector [10], into which rhe rearranged VDJ gcoomit 
segment encoding an anu^NP (9] V H chain was inserted. (B) The 
pBR-C* plasmid containing a segment of genomic DNA encoding ill 
four C; aeons [11] inserted law the pBR322 plasmid. (C) The pSV2- 
Vh-C, plasmid, composed of ihe pSV7-Vh6 vector (A), into which the 
C ( gene (from pBR-Ct) aud an Ig enhancer sequence [£] were Inserted 
flanking the rearranged VDJ segment. 



Site-speciflc mutagenesis was carried out by hetaroduplex for- 
mation as described [13] with slight modifications. An aliquot 
of the FBR-Ca plasmid was digested wiih Sail, and blunt* 
ended^a second aliquot was digested wjth Eco RV and the 6.7- 
kb band was purified* Approximately 100-200 ng of each frag- 
ment was roixei in high-salt restriction buffer [12] together 
with 8 pmol Jdnased muxagenized oligomer (see Sect. 3 for 
sequence), boiled for3min and allowed to gradually reanneal- 
Heterodirpteces were filled in whith DNA polymerase and 
ligase, and the resulting product was extracted with phenol, 
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ethanol precipitated and used to transform competent bacteria 
(MC106I strain). 

2.3 TranSfectJottf and cefl culture 

RBL-2H3 cells [14], obtained from Drs. D- and T. Jovin, were 
grown in minimum Eagle's medium with toe addition of 10% 
fetal oalf serum (BioLab Ltd., Jerusalem, Israel), l-glutamine 
(Biological Industries, Kibbutz Beth tfaemek, Israel), com- 
bined antibiotics (BioLab Ltd,) and fungizone (amphotericin. 
Biological Industries). J558L myeloma cells [15] (a gift of Dr. 
v. T. Oi), were grown in RPMI medium with 10* fetal calf 
serum (FCS), L-glutamine, and combined antibiotics (referred 
to as J55SL medium). 

Transections were carried out by electroporation [16] or pro- 
toplast fusion [17}- For electroporation, 20 us of purified plas- 
mid was mixed with 2 x LO 7 J55SL cells in phosphate-buffered 
saline (PBS) and subjected to a 1.8 IcV discbarge with an IscO 
(Nebraska, CO) power supply model 494. Cells were put into 
regular J558L medium for 24-48 h reovery and then trans- 
ferred to selective medium. 

Protoplast fusion was done as described [17]. Protoplasts pre- 
pared from 25-ral bacterial culture, containing the plasmid of 
interest were fused with polyethylene glycol (PEG) 1550 
(Serva f Heidelberg, FRO) to 2x10* J558L cells. The cells 
were placed in 24-well plates at IP/ml and cultured In J558L 
medium In the presence of antibiotics (100 \xptal kanaraycin or 
gentamycin (Sigma, St. Louis, MO)), to kill any remaining 
viable bacteria. Selective medium was added at 24-48 h and 
clones were visible in 2-3 weeks. Selective medium contained 
regular J558L medium with the addition of 1 fig/ml 
mycophenolic acid, 250 jigfail xanthine and 15 ug/ml hypox- 
an thine (Sigma). 



2.4 Immunochemical reagents 

Rabbit anti-mouse IgE was made in our laboratory by 
immunizing rabbits with several mouse mAb of the IgE class. 
Aatisera were preadsorbed on normal mouse serum-coupled 
Sepharosc and then further purified on an tg&Sepharose 
affinit y column* These antibodies recognize the C t chain and 
also react with XI light (L) chains which are present on the 
SFE-7 monoclonal IgE used for immunization. Biounybtion 
was done by the method of Kendall cc al. [18]. NIP-prowin 
conjugates were made by the method of Brownstone et al. [19] 
and coupled to Sepharose 4B following cyanogen bromide ac- 
tivation. 



2.5 IgE purification 

Lysates were produced from non-secretjng mutants (AFE), by 
suspending cells In PBS, 1 mM EDTA, 1 mM phenyJmethyl 
sulfonyl fluoride (Sigma), 5 mM iodoacetamide and 0.2 U/ml 
aprotmin (Sigma). Cell suspensions were lyaed either by 
freew-thawing, sonlcation or the addition of 1% Nonidet-P40 
(NP40). 

Anti-NIP [(4-hyoioxy»3-iodo-5-nitrophenyl)acetate] IgE anti- 
bodies were purified on Nff-ovalbutnin (QVA>Sepharose 
columns. J558L transfecioma supernatant (200-500 ml) or 



10 ml of cell lysate from 5 x 10 9 cells, were passed over NIP* 
OVA-Sepharose columns. The cohmms were then washed 
with PBS containing 0 J* NP40 and then extensively washed 
with PBS. Elution was carried out with 5 M MgC^. Hluates 
were dialyzed extensively against PBS, aliquoted and frozen. 

2.6 Immunoassays for IgE ami-NT? antibodies 

IgE anti-NiP antibodies were detected by one of several varia- 
tions of die enzyme-linked immunosorbent assay (ELISA) or 
radioimmunoassays (RIA) described here. For the RIA, 96- 
well polyvinylchloride V-shaped wells (Cooke Labs. f Alexan- 
dria, VA) were coated with 50 ul antigen solution (10 Ug/ml 
NIP,D>rP fi OVA), or ann-IgE, overnight ai 4X. Plates were 
washed with PBS confining 0.1% bovine serum albumin 
(BSA) 7 and blocked with PBS containing 1% BSA to reduce 
nonspecific binding. IgE preparations (usually 50 ui transfet- 
toma supernatant) were then added for 2 h at room tempera- 
ture, followed by ^-labeled anti-IgE- Wells were washed, cut 
apart and counted in a gamma counter. 

For ELISA assays, flat-bottom ELISA plates (Nunc, Ros- 
fcilde, Denmark) were coated with either 10 [jg/ml NIP-fowl 
Y'globulin (FgG), or a 1 ; 10 dilution of serum-free supernatant 
from hybridoma cells secreting anti-mouse IgE mAb [7, 6], 
diluted in 0.06 m sodium carbonate buffer, pH9.5> After 
overnight incubation at 4°C F the plates were washed in PBS 
containing 0.05% Tween, and dilutions of ^E^ontaining 
transfectoma supematants, or purified antibody were added, 
and the plates were incubated for 2 h at 37*C Plates were 
then washed and a 1 : 500 dilution of bioxinylated rabbit anti- 
mouse IgE was added for 2 b- After washing, plates were 
treated for 30 nun with avidin-conpled peroxidase (Bio- 
Makor, Rehovot, Israel), washed and peroxidase substrate 
was added. Alternatively, for the anti-NIP ELISA, after incu* 
bation with the IgE samples, plates were treated with a 1 ; 1000 
dilution of peroxidase-conjugaied anti-mouse Fab (Bio- 
Makor). Peroxidase substrate was added after washing- The 
substrate used was 2,2 r ^no-bis(3-etbylbeu2thiasoUne ^sul- 
fonic acid) (Sigma), dissolved at 1 mg/ml In 28 mM dcric acid,. 
44 mM Na2HP0 4 , 03% H2O2, Assays were read in an auto- 
matic ELISA reader (TiteitfiJc Muitiskan; Flow Labs., Rock- 
ville, MD) at 620 nm. 

2.7 Binding of lodinated IgE or RBL-2H3 cells 

Purified IgE derived from transfcetomas was iodinated using 
the cbloramine-T method. Protein (40-100 ug) in 100 uf PBS 
was reacted with 0.5-1.0 mQ (= IS J 37 MBq) of W I and 
10 fil of chloramine T (2 mg/ml) for 2 min. The reaction was 
stopped with 20 ul of sodium disulfide (2 mg/ml) and tbe mix- 
ture chromatographed on a 7-mI Sephadex G-25 column in the 
presence of 1% BSA, KI, and hemoglobin solution to color 
the protein peak. The first radioactive peak was collected; and 
incorporation of iodine checked by trichloroacetic add pre- 
cipitation. 

For binding studies, 10* RBL-ZH3 cells/tube were mixed with 
dilutions of rnmolabeled IgE, in 250 ul TyrooVs buffer (20] 
with 1 mM EDTA. For competition assays, cold IgE com- 
petitor was added and the mixture incubated for 2 h before the 
addition of the radiolabeled IgE. After an additional 2-h incu- 
bation with shaking at 4*C f 50-til aliquots were removed in 
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triplicate and layered over hone serum in micro cubes. The 
cubes were centrifiiged in a microfuge for 30 s, supernatant 
was aspirated and pellets we counted in a gamma counter. 
An additional 50-^1 aliquot trom each sample was counted to 
determine total counts added. Direct binding data were ana- 
lyzed by Scatchard analysis mi linear least square regression. 



2iS Degranulatioa assay 

1 

RBL-2H3 cells (10*) were incubated with each IgE sample for 
30 min at S7"C Cells were washed with Tyrode's buffer 
and resuspended in 1 ml Tirade's buffer. Aliquots (100 id) 
were placed in microttter wells to which were added either 
250 ng/ml NIF-FgG to measure specific release or 15 pi 10% 
Triton to measure maximum release, or nothing to measure 
spontaneous release* Hie plates were incubated for 30 min at 
37 °C and then 15 fil of supernarani was removed from each 
well to measure ^hexosaminidase release, an indicator of 
degranulation* The supernatant* removed were in wells 
of an EUSA plate with 40 ul substrate solution [1.3 mg/ml 
pataniti€pheoyl-N-acetyl-^J>gluonsamiiie (Sigma) in 0.04 M 
phosphate/citrate buffer, pH4^] and incubated 1-2 h at 
37 °C, To stop the reaction 0.2 M glycine, pH 10.7, was added 
and wells were read in an ELISA reader at 405 nm. Percent 
specific release was calculated as; 

(specific release - Fpoacaneous release) „ 
(maximum release) 

where spontaneous release is release in the absence of anti- 
body, and maximum release is the (^hexosaminidase activity 
obtained after 1% Triton lysis of cells. 



2.9 Adsorption assay for binding to the Fc«R 

As an alternative means to determine the extent of binding of 
the mutant TgB to the Fc^R on mast cells, we measured the 
ability of RBL-2H3 cells to retnove anti-NIP activity from IgE- 
containing preparations. Dilutions (100 fil) of purified mutant 
and wild-type IgE were incubated in triplicate in uiicrotiter 
wells with either 100 [il PBS or 100 Hi PBS containing 10* 
RBL-2H3 cells. The plates were incubated for 3*4 h at room 
temperature, with periodic shaking, Supernatant (100 pi) was 
then removed from each well, and assayed for anti-NIP activ- 
ity by ELISA, on NIP-FgG-coated ELlSA plates. The ratio of 
optical density obtained from the EUSA from IgE prepara- 
tions incubated with RBL-2H3 cells vs. those incubated with- 
out RBL-2H3 cells gives a measure of how much IgE was 
removed by these cells, and thereby indicates to what extent 
the IgE was able to bind to these cells. 
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3 Results 



3.1 Construction of the PSV2-Vh-Q plasmid 

In order to generate IgE molecules with various mutations in 
the Fc portion of their C region, we constructed a vector which 
permitted the expression, in a mammalian cell, of a complex* 
IgE molecule of known antigenic specificity. Thia was accom- 
plished by joining the gene segment from a genomic clone 
encoding the mouse C, region with a Vh gene fragment encod- 
ing a V region with anti-NP specificity [9]. The V region 
encoded by this gene is heterodidc and binds the antigen NIP 
with higher affinity than NP. AH assays measuring hapten 
binding were Therefore performed using NlP-conjugaied 
rather thai) NP proteins. The ?SV-V2 H ^C i plasmid which we 
constructed (see below) contains the entire mouse coding 
sequence end an anti-NP variable region (Fig. 1C). Upon 
transfection into the L chain-producing J55HL myeloma cell 
line, die e chain encoded by the recombinant gene combines 
with the endogenous J558L L chain to produce an IgE anti* 
body with anti-NP specificity. Similar constructs have been 
used previously by Neubergef et al. [22] to obtain chimeric IgE 
molecules bearing a human e gene and a NP«binding mouse 
V region. 

The PSV2AyC e plasmid was constructed from the PSV2-V M 6 
vector ([9] and Fig. 1A), This expression vector contains a 
rearranged V H gene of anti-NP specificity [9], The 6.25-kb 
fragment obtained after Bam HI digestion was lighted to the 
4.6-fcb Bam HI fragment of the FBR-Q plasmid (Fig, IB), 
containing the full mouse C r region (11], The vector 50 
obtained (denoted PSV2-CVE) contained the full C, and V K 
segment but was lacking the enhancer element for Ig transcrip- 
tion. In order to increase the expected levels of expression 
with this vector, the 1-kb fragment containing Ig enhancer 
activity, obtained fom Xbal digestion of the pA-6 plasmid, 
was inserted into the unique EcoRI site of the PSV2-CrE 
vector by bluet-end ligation of filled-in ends. The vector thus 
obtained was called PS^-V^d and its structure is shown in 
Pig.lC 

The PSV2-Vh-C b plasmid was introduced into J55SL L chain- 
producing myeloma cells using the technique of protoplast 
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2.10 Western blots and immunodetection 

IgE transfectoma lysates, cell supematanta, or purified IgE. 
preparations were run on sodium dodecyl sulfate (SDS) poly- 
aoylamide gels [21]- After electrophoresis proteins were 
transferred to nitrocellulose in 15.6 znM Tris, 120 mM glycine, 
pH 8,3 for 4 h at 200 mA. The nitrocellulose filters were 
stained with Ponceau red (Sigma) to visualize protein stan- 
dards, prehybridized in PBS containing 10% skim mitfc: for 
16 h at 4 °C and then hybridized in the above buffer with 
labeled rabbit anti-mouse IgE. Filters were washed in PBS and 
FBS*Tween and autoradiographed, 



--30 
-20 



(Al 



reduced 



-«7 



-so 
-ai 



i£) 



nonreduced 



Ftgun 2. Immunoblot analysis of mutant and «ild-type IgE and* 
bodies. Purified IgE preparations (25-100 ng/lane) were run under 
reducing (A) or nonredudfig (B) conditions through 10% or 5^fe-10% 
gradient acrylamide gels, respectively, elccrrobloned to nhroeeUulofic 
and hybridized with iodinated rabbit anti-mouse IgE antibodies. Note 
that in addition to the echain, the anti-IgE antibodies cross-react with 
the X L chain. 
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a) Mouse mopoclonal IgE [23]. 

b) Determined by Scatchard analyst of binding of radioiodinaiftd IgE 
to RBL-2H3 cells. 

c) Concentration of IgE giving 50# Inhibition of the binding of 
radloiodinated SPE-7 to RBL-2H3 cells. 

d) % RBL-2H3 cell degranulation induced by IgE ai 100 ng/mU trig- 
gered by N1P-DNP-&SA. 

fusion. Supernatant* from clones surviving growth in selective 
medium contouring mycophenohc acid were screened for IgE 
anti-NIP activity using a RIA (not shown) and tho LTC5 clone 
was chosen for all further characterization- This clone secretes 
approximately 2 |ig Ig^E/ml. Table 1 summarizes properties of 
the ITCS IgE as compared to SP£-7 hybridoma-derived rncno- 
donal IgE [23], Both IgE have similar molecular weights 
(Fig. 2), bind with similar affinities to the Fc,R on mast cells 
and both are able to induce RBL-2H3 degranulation in the 
presence of cross-linking antigen. 



[ 3.2 Generation of vector? encoding mutant IgE antibodies 



The mutated IgE antibodies that we describe in this study are 
depicted scberaadcally in Kg, 3 and Table 2. TTjey include 
AFE, truncated in C t 4, DSE, with a 45-ammo add deletion in 
the Q3 domain, and FHS, with a proline to bUticUne point 
mutation in C^. The APE mutant was made by creating* 
trameshift mutation at the Aval site in the C^4 domain 
(Pig. IB, C). This frameshift caused a stop codon to bo 
reached at amino add 472 (position 34 of the C,4 domain). 
The region between the mutation site and stop codon was 
expected to have altered sequence due to the fr&meshift intro- 
duced (Fig. 3). 

To generate this mutation, the F5V2-Vij.Ce vector was par- 
dally digested with Aval and the 11.85-kb linearized fragment 
was blunt ended with the Klenow fragment of DNA poly- 
merase I. This was self ligated and used to transform bacteria. 
Restriction mapping and DNA sequencing were used Co con- 
firm that the correct Aval site was mutated (not shown), The 
vector containing the AFE mutation was used to)txansfect 
J558L cells* Clones surviving mycophenolic acid selection 
were tested by an ELISA assay for secretion of anrj-NTF anti- 
body. Of nine clones tested from two separate cransfection 
experiments, none secreted detectable amounts of IgE. (The 
sensitivity of the ELI5A is approximately 5 ng/ml). It is possi- 
ble that the cells can produce IgE T but that due to the gross 
structural alteration of IgE, they are unable to secrete IgE, We 
therefore produced cell lysates, using somcauon, freeze-chaw- 
ing or NP4Q lysis. The Iysates were tested for IgE annVNlP 
activity by ELISA and were found to contain between < 5 and 
110 ng/10* cells. ImmuDoblOT analysis (Fig. 2) under reducing 
conditions of affinity-purified AFE mutant IgE_from Jjuch 
Iysates revealed H chains of reduced size as expecteJibr tins 
mutant. Electrophoresis under nonreducing conditions reveals 



that almost all of the antibody is present as HL, instead of the 
foil HjLj tetramer (Fig. 2). 

Another deletion mutant (DSE) was constructed with a dele- 
tion of 45 amino adds in (^3 and the beginning of Qi (amino 
acid residues 397-441). The dejection encompasses the 
sequence spanned by the P129 peptide of Burt and Stanwonh 
[2] and also includes a cysteine which participates hi the C£ 
intradomaln disulfide bridge [4, 24-]. This mutant was made by 
digestion of the PSV^Vh-C, plasmid with Spe I and Eco 47m 
(each of which cut the plasmid at a single site), blunting the 
' ends with mungbean nuclease, negating the large linear frag-* 
merit and transforming bacteria with the product of this reac- 
tion, The structure of this plasmid was checked by restriction 
mapping and by hybridization to an oligomer which was com- 
plementary to the expected sequence of the junction site after 
ligation. Tranrfected clones were found to secrete antibody, 
but in very small amounts, 5-40 ng/ral 

A proline to histidine point mutation (PKS) was created at 
amino acid residue 404, using oHgonucleotide-directed, site* 
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figure J. Amm o jcid sequence of the mome C, domains and of the 
IgE mutants prepared in this study. Dashes ( — ) indicate «ild-type 
sequence; (x) indicates deleted amino adds; (CHO) indicates gtycosy* 
latum sites and (5-3) indicates intrachain disulfide bonds. S-S-(H> and 
S-SH(L)*jeprescat the interchain disulfide bonds with H and L chftins, 
~tne se4ueixce"shown imbued c^ref^n'c^4] af^ [23]*£ad*ore oqc^- 
Letter amino add code is given in (4], 
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Tabh 2. Summary of mutants produrad fas this study 




a) ^fhc^^inant IgE molecules listed above « nlain a MP- 

t S r2 C -^ UtagC<le ?J 13j - ^ ^tt* is looted io Q3, in 
w^f^T™!' ^^1 PI29 of Sort £d5ta£ 

™L ? ?° RV ' and *" digest. we% mixed 

? j f^i 8 *"^ to Hie presence of a mote «ceTof 

S* ' ' 7,1,5 « s complementary to the 

s^uence encoding amino adds 401-407, «&, a cKmmE 

TSnS ? e "" ftta " of the tw mutatis*? 

underlined. Matent coloniej were identified by hybridHation 
w,* raAchbeled oUgomer. The 4.6*b insert corVeWX 

* d ^°° Bamifl and 
me psv^VyCf plasmid from which the wUd-rvne C. 
sequences were removed Ttts plasmid (PSwShSI \£ 

fiK^ 9te ^ 2 ^ of antibod y- was isolated from 
S ^^'^L* 6 P^** of the mutated jeauence 
RNA (Dot shown). SDS g*| electrophoresis of the IS 
capwwa size, present 8B HjI* ,„ nonreduced gels (Fig. 2). 

b^*^™ " Bd «P ress "'°n of vectors containing the 
^SL^TST* md h ™**™™ chimera, w& 

3 J Binding of the mofarji IgE to the f cjl on RBL.2H3 cells 

their abiUty i^o^^^r^^ 46 ^^ 
bearing hi/h .J ?,?T L ' 2H5 M «5r a rat mast cell line 

dSflf 6 ^ FcR for rodent ^ A number of 

werft^TK^ ° f „ uflmuMted ITC5 andThe IgE mntante 
were tested for thor ability to inhibit the binding o&nated 

nas lost all abOiry to compete with radioiodinaTed Iefe'ror-ha 
binding to RBL-2H3 The AFE mwam; Jnicl £™ - 
36creted ' « d was therefore porified £»m c^s^wat no, 
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available in snfficieni concentrations for the inhibition ass™ 

hehw. Since the dafEerertws in the inhibition of bmdingby the 
ITCS wfld-type IgE and the PHS mutant were smaU , these I pF 
preparations were also rested for direct binding to RBL-2BU 
«ns-A&iity -purified ITCS and PHS were noiiiodmated and 
tile bodrng of mese antibodies to RBL-2H3 cells was tested 
Scat^arfanalysisORig. 4B) reveals thai the PHS mutant has a 
2.5-foId lower affinity for the Fc«R than ITC5 wild-type iS. 

These results were further confirmed in two other amy*. In an 
assay measuring the degranulanon of RBL-2H3 cells the 

25I? 1 W and PIiS (mutan ° IfiE «n««-7ft not 

the DSEor AFE mutant IgE were able to induce derjranula. 
dot l of RBL.2H3 cells, when cros^hnked on th? te 7S£ 
by polyvalent antigen (NIP-FgQ) (Table 3). 




o ITC5 
a PHS 




(B) 



AO 6.0 9.0 6LU IbO ©.0 SO 24.0 
BOUND (cprn^lO 4 ) 



* FcR binding 0 f mutant IgB antibodies. (A\ inh,-h!,«,« 

r^mbiran^IgB. RBL cells were ^K^tt 

muiaii) IgE. ^-labeled monodorial I C E was then added and^*T. 
2-hmcubarion, call-bound and free feE wen7ew»d ~% 
gWj *« wua^d. AH detennirr^r ^ffljft 
Scaidurd analysis of bind™ of TTCS funmutaterf\ 15w ' 
muant IgE. RBL-2H3 oeTwere i^bS S^^ 1 

by wnmfuganon through serum, ^ cell J^ "*™™* 
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It may be seen that the PUS point mutant to lost the ability 10 
be recogni*d by the 95 J ami-IgE mAb, while it a still recog- 
nWd 0^51.3 wd 84.1CmAl i (Tab to 4) and can snU tod 
to mast cells (though with reduced affinity) (Ftg- 4). The DSE 
f 6 SS hasU both recognition by all three mAb and 
Z aSSty to bind W the Fc,R on mast cells. The ATE mutant 
which has a Enmesh* causing premature tfinmnaUon m the 
C4 domain has reduced binding to the 51.3 anti-IgE mAb, 
and has lost the ability to bind to the FcR on RBMH3 cells. A 
chimetlc human IgE (H^C^) containing mouse C£ (manu- 
SIJ^ the 84.1C and 95.3 mAb, but no: 
the 51.3 mAb. "TAN" human IgE (manuscript m prepara- 
tion), with the I5S8L L chain and mouse anti-NIP V H region, 
is nor recognized by any of the-mAb. These da* £« g 




o j^l,2H3 cells ware prerocubaiedwlman^^ 

J rSowat »r 30 nan end washed before the addition of 

MF-FuG (2S0 ng/weil). p-Hesosanumdawrel^^dewrained 
asdoedbed ia Sect. 2.8. Each detenntoadon *as done in tripli- 
cate. Standard deviations were < 15* of EUSA readings. 



Finally, mutant IgE antibodies were tested for their abiUtj to 
be acLbed by RBL-2H3 cells. Di luttons of to affcury- 
pmified antibodies were incubated with RBL-2H3 cells to 
kUow binding. Supernatant 3 containing unbound IgE were 
tested by ELISA tor intf-NIP activity. Results were plotted) is 
the ratio between the ELISA readings obtained for adsorbed 
supernatants, divided by unadjorbed supernatant*. «s. tfae 
concentration of the IgE preparation used (represented by 
ELISA reading). As can be seen in Fig. 5, the ratw of a™ 
"adsorbed"/^ "unadsorbed" was lowest for rTCS, the wild- 
wTSb ^adsorbed), and higher for the PHS mutant, 
though some anti-NIP activity was still removed For the Arc 
and DSE mutants, the ratio was dose to one, indicating that 
the RBL-ZH3 cells did not remove any of the IgE »tro-N>? 
antibodies. Thus, we may conclude that binding of mutant IgE 
molecules to the Fc,R on rat mast ceils follows the order. 
rrC5>PHS>»AFB-DSE. 

3,4 Recognition of mutant IgE antibodies by anti-IgE mAb 

Purified mutant and wild- type IgE antibodies were next tested 
for their ability w bind to anti-mouse IgE mAb which have 
been previously described [7, 8]. ELISA assays were ^ per- 
formed in which wells were coaxed with either antigen (MP- 
FgG), or serum-free preparations of the anti-IgE mAb. This 
was followed by dilutions of purified wild-type and mutant IgE 
preparations. Degree of binding was determined using biouny- 



Table 4. Binding of IgE mutants w anti-IgE mAb 




assignment of the site recognized by 84.1C and 95.3 to the C3 
domain, and that recognized by 51.3 to the C t 4 domain. 



4 Discussion 

In order to team more about the Fc^R binding site on the IgE 
molecule,- we have developed in vitro expression system 
enabling the production of genetically engineered mouse IgE 
with anti-NT activity. The antibody so produced, represented 
bv clone 1TCS, has all the properties of authentic mouse IgE 
ajd binds with high affinity to the Fc«R « ant : as* 
(Table 1). The plasmid encoding the TTC5 antibody was then 
subjected to a variety of mutagenesis procedures in order » 
produce IgE molecules with alterations in their Fc region. 
These mutants were used in binding assays to determine their 
ability to bind to the Fe,R on mast cells and to bind tn a series 
of anti-IgE mAb previously generated in our laboratory [7, gj. 

Four assays were employed to measure the binding of mutant 
or wild-type IgE to the Fc«R on mast cells: (a) the mbibition of 
binding of radiolabeled IgE to RBL-2H3 cells, (b) the direct 
binding of iodinated IgE to RBL-2H3 cells, (c) IgE-mediated 
degraflulation of RBL cells and (d) the adsorption, by RBL- 
2H3 cells, of anti-NIP activity from IgE-eonuuning solutions. 
These assays gave concordant results. Compared to the ITC5 
wUd-type IgE, the PHS proline to histidine point mutant 
bound the Fc«R with approjdmately twofold reduced affinity 
(Figs. 4a, B and 5). PHS mutant IgE induced almost as much 
deglranulation as did ITC5 wild-type IgE (Table 3). Since only 



a) Purified wunmated (ITCS) and mutated rocomtn- 
nintlgE were testedby ELISA forbhutiiig to vari- 
ous anti-mouse IgE mAb. EUSA plates were fast 
coated with settmvfwe supernatant containing tt» 
various aniMgE mAb, or with NIP-eonjugated pro- 
tein. IgE (4 ng) diluted in medium (DMEM and 
FCS) was then added to each well. After washingi 
the wells were neated wjrh biora^onjueated rabbk 
anti-mouse IgE. followed by an avidin-peraxktose 
conjugate and peroxidase substrate. Absorbanee 
was read in an automatic EUSA reader. Variation 
between duplicates was always < 10% of me values 
nod. or < 0.01 absorbanee uma for negative wdh. 

b) Anti^ttouse IgE mAb. 

c) See Table 2. 

d) Mouse C,3 into human C.1,2^. 

e) Human IgE. 
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5. Ademption of IgE by cdb. Pitouons of mutant 

and wild-type IgE antibodies were incubated with RBL-2H3 cells for 
4 h in microliter wells. After this incubation, superaatanB were 
removed and tested by ELISA for anti-NTP activity. Results were 
plotted as tbe adsorption index (the ratio between the ELLSA readings 
obtained for adsorbed divided' by uaadsoibed snpematants) vs. the 
concemratwn ot the I§E preparation tested. An adwrption index 
closer to unity indicates lew adsorption of IgE by RBL.2H3 cells, and 
hence, less binding of the parxicular mutant. 



a small fraction of Fc«R cm RBL-2H3 cells need to be occupied 
in order to induce degranurationjt is pot surprising that suffi- 
cient occupancy could be obtained with either ITC5 wild type 
or PHS point mutant IgE. 

The AFE frame shift mutant lacking a functional domain, 
and the DSE mutant, with a 45-amino acid deletion in d3, are 
unable to bind to the Pg*R in the four assays used (Figs. 4 and 
5 and Table 3), It is surprising, in light of the accumulated 
evidence [1*3, 5] suggesting that tfae binding site for the Fc»R 
is present on C^3, that the APE mutant (lacking the C t 4 
domain) is unable to bind to the Fc^R- We believe that Che C*4 
domain, while not containing the actual receptor binding 
siteO), is necessary for the IgE molecule to attain the eorrect 
conformation needed for receptor binding. The QL domain 
has been shown to be important for the dimerization of human 
IgE [6], Interestingly, our AFE mutant mouse IgE which lacks' 
most of the C B 4 domain, \s present inside the cell almost 
entirely as HL (Fig, 2). This indicates that in mouse IgE, the 
fourth domain may also have a role in initiating, or stabilizing 
H chain dimerizanon. 

The epitopes recognized by three anti-IgE mAb, 8<MC, 95,3 
and 51.3, were assigned to domains on the a chain based on 
their ability to recognize the various IgE mutants tested. For 
example, the 95.3 mAb was shown to recognize a determinant 
on the domain, since it is 90 longer recognized by the PHS 
mutant, which has a single proline to hfctidme substitution in 
C£ t and is still recognized by the AFE mutant which has 96% 
of its Q4 domain altered or deleted, In addition, 95,3 is able to 
recognize the mouse»buman chimeric IgE, which has only 
mouse Ce3 v while it is unable to recognize human IgE. By 
analogous logic, the epitope recognized by 84.lC.may be 
assigned to Q3> and the epitope recognized by 51.3 is most 
likely on Ql (Table 4). 

The purified DSE mutant (45-amino add deletion in C3) 
seems to bind none of the anti-IgE mAb, including the 51-3 
antibody which we have assigned to C*4. However, when DSE 
transfecioma supernatant was tested in a similar assay, some 



reaction was seen against the 51.3 and 84. 1C mAb (not 
shown). It is possible chat conformational changes in this mu« 
tant have reduced binding to these two anti-IgE mAb, and that 
these conformaiiojial changes in the DSE mutant are more 
pronounced when the mutant IgE is subjected to high-salt 
elution from the affinity column. Similarly, in a number of 
experiments, when fresh DSE supernatants were tested for 
binding to tbe FcJR on RBL cells using the adsorption assay, 
some binding to the Fc*R was detected. Purified fractions of 
this mutant, eluted with 5 M MgG 27 consistently failed to hind. 
Thus, the effects of tbe deletion on the binding to the 84, 1C 
and 51.3 anti-IgE mAb, and on the binding to the FcJR. are 
likely to be conformational, rather than due to the elimination 
of the binding site. We have previously shown [7, 8] that the 
51.3, 95.3 and S4.1C anti-IgE mAb are sensitive to IgE confor- 
mation and are unable to bind to denatured or reduced IgE. 

The anti-IgE antibodies have previously been analyzed in inhi- 
bition studies to determine the relationship of the epitopes 
they recognize to the binding site tor IgE. The 51.3 antibody 
inhibits poorly the binding of IgE to its receptor and is able to 
bind to IgE receptor complexes [7]. Thus, it seems that this 
antibody recognises an epitope which is not closely related to 
the receptor binding site. This is consistent with our conclusion 
that the epitope recognized by this antibody is on the Q4 
domain. The 95.3 anti-IgE mAb inhibits the binding of IgE to 
its Fc<R but can still bind to cell-bound IgE [7], Thus the 
' epitope recognized by this antibody is related, but not identi- 
cal to the receptor binding site. This is also apparent from the 
fact that thft PHS point mutant has lost, entirely, the epitope 
recognized by 95,3, but is still able to bind to the FcJR 011 mast 
cells, -albeit with reduced affinity. The reduced ability of the 
PHS mutant to bind to the Fc<R on RBL cells may be due to a 
direct effect of the proline to histidine mutation in destabiliz- 
ing the IgE-FcgR interaction, or could be due to conforma- 
tional changes caused by this mutation which are propagated 
to distal sites on the C.3 domain. While more mutants will be 
required in order to distinguish between these possibilities, it 
is clear that the 95.3 binding site can be totally abolished with 
only a moderate effect on Fc^R binding. 

The 84. 1C anti-IgE mAb inhibits the binding of IgE to the 
Fc*R and does not recognize cell-bound IgE [3]. Thus, it seems 
likely that this antibody recognizes an epitope very closely 
related to the binding site for the Fc«R. It will be interesting to 
see whether among farther IgE point mutants which we are 
currently producing, one will be found which looses both the 
ability to bind to the Fc,R and to the 84.1C anti-IgE mAb. A 
good candidate for such a mutation may be a site on the 
"E-peptide-S" produced by Uu et al. [5]. Antibodies against 
this Ce3 peptide behave like our S4.1C mAb in that they bind 
to free, but not Fc ft R-bound IgE, and thus seem to cross- 
inhibit the IgE-FCgR interaction. 

By combining the above data, a few conclusions may be 
reached. We have mapped to the CJ domain the 84, 1C and* 
IgE mAb most closely related to the IgE-Fc fl R interaction site. 
This determinant is not included within the P129 peptide site 
described by Burt and Stanworth [2]. A single proline to his- 
tidine substitution in the region spanned by tbe ?U9 peptide 
leads to the loss of recognition by the 95 J mAb, which recog- 
nizes an epitope that is related, but not identical to the 
Fc^R binding site. However, such a mutant (PHS) retains full 
recognition by the 54. 1C anti-IgE mAb, and exhibits only two- 
fold reduction in binding to the Fc«R. Thus, the FcJR binding 
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site is probably located in Ore C£ domain, bat not in the 
region encompassed by P129. The Q4 domain seems to be 
required for the formation of the HjLi cetramer and T though 
oot directly involved in FcJR binding, may play a role in 
stabilizing the conformation of IgE required for binding w the 
FcR. JhA generation of more IgE deletion and point mutants, 
together with mouse/human exon shuffling experiments (man? 
nscript in preparation) should allow the precise identification 
of sites on the IgE molecule required for dimerizarion, binding 
to mAb and binding to the high-affinity Fc*R on mast cells. 

The tmrhon wish to thank Ms. S, Barak and his. T. Wales for w^nkal 
auitanee, and Dn. T. Hon jo t D. Rice and V. Oifor she gifix ofptas* 
mids and cell lines. 
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